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(54) rMBKUM HArPEBATEJlbHblM 3J1EMEHT 

(57) PecfcepaT: 

H3o6peTeHne othocmtch k sneicrpoTepMHM h 
MO)KeT 6biTb ncnorib30BaHo npn M3roTOBJieHnn 
oneiCTpoHarpeBaTeneM 6biTOBoro h 
npoMbiiujieHHoro Ha3HaneHHfl. B tm6kom 
HarpeBaieribHOM 3neM6HTe TOKonpoBOAfliMafl 

TK3Hb COAepKUT W30nHpOBaHHbie pe3MCTHBHbie 
CJIOM, CC()OpMMpOBaHHbie H3 KOMn/ieKCHblX 

aneKiponpoBOAflu^nx Hurefi, pacnono>KeHHbie 
nepneHflHKyrmpno k KpaeBbiM aneKTpoAaM 
ocHOBbi TOKonpoBOAfliMefl TKaHM, pa3HeceHHbie 
Apyr ot Apyra MaccwBOM M3onymnoHHbix HkiTefi, 
B 30He KOTOpbix pa3Meu^eHbi AononHHTenbHbie 
dJieicrpoAbi, nepeKpeiUMBaioinnecfl c KpaeBbiMM 
sneiapoAaMn m pacnonoaceHHbie 

nepneHAMKynjipHo k hum h napannenbHO k 
KOMnneKCHbiM aneKTponpoBOA^tMkiM 
noriMMepHbiM hhtam. A™ wsroTOBneHHfl 
ATiMHHOMGpHbix aneicrpoHarpeBaTenefi 
KOMnneKCHbie sneicrponpOBOAfliMne huth 
TOKonpoBOARiM©^ TK3HM pacnonoweHbi 
napanneribHO k KpaeBbiM aneicrpoAaM, a 
pe3HCTHBHbie cjiom BbinonHeHbi b BMAe nonoc no 
ocHOBe TOKonpoBOA*unefl TKaHM m pasHeceHbi 
Apyr ot Apyra MaccuBOM M3onflLjMOHHbix HHTefi, 
b 30He kotopwx pacnonoweHbi npoMexyTOMHbie 
sneicrpoAbi, npHHeM KaK KpaeBbie, TaK h 
npoMeacyTOHHbie aneKTpOAbi H3onnpOBaHbi ot 
nonoc H3 KOMnneKCHbix TOKonpoBOAflmwx HHTefl 
n3on«qMOHHbiMM hhthmh, a no yTKy 
TOKonpoBOA^iMeR TKaHU nepneHAMKynnpHO k 
KOMnneKCHbiM aneicrponpoBOAfliAHM hhthm 
paBHOMepHO pacnpeAeneHbi AononHMTenbHbie 
sneiapOAbi, nepeKpemuBaioinwecfl c 
KOMnneKCHbiM vi aneicrponpoBOAfliunMM, 

H3OnJ1L^M0HHblMH U MeTannM3MpOBaHHblMM 

hhtamm aneiapoAOB ocHOBbi TOKonpoBOAflinefl 



TK3HH. TeXHM^eCKUM p63ynbTaTOM, KOTOpblfi 

MoweT 6biTb nonyneH ot ncnonb30BaHi/m 
u3o6peTeHMfl, flBnaeTca noBbimeHkie 
3neKTpo6e3onacHOCTM h HaAeacHoc™ ro6Koro 
HarpesaTenbHoro aneMeHTa n, KaK cneACTBue, 
M3Aennfl b LtenoM. 2 c. m 1 3.n.<t>-nbi, 5 wn. 
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(54) FLEXIBLE HEATING ELEMENT 

(57) Abstract: 

FIELD: electrothermics; domestic and 
industrial electric heaters. SUBSTANCE: 
current-conducting fabric of heating element 
has insulated resistive layers formed of 
complex conducting threads arranged 
perpendicular to end electrodes of fabric 
warp which are spaced apart by mass of 
insulating threads with additional 
electrodes placed in their vicinity that are 
crossing end electrodes; additional 
electrodes are perpendicular to the latter 
and parallel to polymeric conducting 
threads. For elongated electric heaters, 
complex conducting threads of conducting 
fabric are arranged in parallel with end 
electrodes; resistive layers are made in the 
form of strips arranged on warp and spaced 
apart by mass of insulating threads with 
intermediate electrodes placed in their 
vicinity; both end and intermediate 
electrodes are insulated from strips of 
complex conducting threads by insulating 
threads; additional electrodes are uniformly 
distributed along fabric weft perpendicular 
to complex conducting threads and cross the 
latter, insulating and metal-coated threads 
of fabric warp electrodes. EFFECT: improved 
electric safety and reliability of heating 
element and heater as a whole. 3 cl, 5 dwg, 5 ex 
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H306p8T6HMe OTHOCMTCfl K 06naCTM 

sjieicrpoTepMHH, a HWieHHO K rn6KMM 
HarpeBaTe/ibHbiM sneMeHTaM Ha tiohho^ 

0CH0B8, KOTOpbie MOr/T 6blTb HCnOJlb30BaHbl B 

6biTy, MeAHUUHe, cenbCKOM xosflflcTBe n 
pa3nimHbix OTpacnax npoMbmjneHHOcm 

H3BedeH TKaHbifi aneiapoHarpeBaTenb H3 
noriMMepHbix MaTepManoB, KOTopbifl coAepWMT 
nnocKMM* pe3MCTMBHbii* cnotf M3 tiohh Ha ochobg 
anexTponpoBOAHbix m HesneKTponpoBOAHbix 
HWTefi c aneKTpoAaMM Bflonb ocHOBbi m 
noKpwBaiomne era c o6enx ctopoh 
3/ieKTpon3onnmiOHHbie cnon, npwneM o6"beMHoe 
cooTHOiLieHkte HeaneiaponpoBOAHbix m 

3JieKTpOnpOBOAHblX HMTefl OCHOBbl COCTaBJlfleT 

ot 1:1 ao 1:1,5, a o6"beMH08 coothoiii6hm6 
TOKonpoBOAflimix HMTefi ocHOBbi m yno - OT 
0,1:1,5 ao 1:10. 3neicrpoAbi CHa6>KeHbi 
CKpenneHHbiMVi c humm tokoboa3mm H3 MeAHofl 
4>ojibrn c o6pa30BaHneM KneMM 
3/ieKTpopa3'beMa l pa3M6lAeHHblX BH6 
p63HCTMBH0rO 3n6M6HTa B 30H9 

3jieKTpon30Jiai4MOHHbix cnoea (cm. naieHT P<t> N 
2046552, kji. H 05 B 3/36, 1995 r. ). 

H3B8CT8H cnoco6 M3roToaneHHfl nnocKoro 
nofiMMepnoro HarpeBaTena, b cooTBeTCTBHn c 

KOTOpbIM Ha nOJWMepHblfi p83MCTHBHbl^ 

sneMeHT ycTaHaannBaioT napannenbHO 
pacnonoweHHbie TOKOBOAbi M3 nonocoK MeAHofi 
(£onbrn, saTeM HaHOCHT c o6enx CTOpOH 

M30JlflL\HOHHOe noKpbiTue, OCTaBfinfl 

BbiCTynaioiMMe M3 Hero kohlju tokoboaob, h 
npeccyioT see cnon npn cooTBercrByioLUMx nx 
MaTepnanaM reunepaTypHbix n BpeMeHHbix 
pe>KMMax (cm. naT8HT CLUA N 3627981 , kti. H 05 
B 1/00, 1969 r.). 

TaioKe n3BecTeH tm6km^ HarpeBaTenbHbifl 

3D8M8HT, COAepwaiAMfi peSMCTMBHblfl Cnofi B 

BMfle TOKonpoBOA^iue^ TKaHU nonoTHHHoro unn 
caTnHOBoro nepenneTeHMH, yTOK n ocHOBa 
kotopom* BbinonHeHbi M3 KOMnneKCHbix 
3neKTponpoBOAfliMMX noriMMepHbix HMTefl, 
H3ormLjkiOHHbix HMTetf m MeTannn3MpoBaHHbix 

HMTefi, O&beAHHeHHblX B SJieKTpOAbl, KOTOpbie 

pa3Meu;eHbi no KpaflM peskicr^BHoro aneMSHTa 
no ocHOBe TOKonpoBOAflmefl tkbhm n omoaioT 
KOMnneKCHbie sneicrponpoBOAfliMMe 
nonniwepHbie hmtm pe3MCTHBHoro cnoa (cm. 
naieHT SU N 1794284, Kn. H 05 B 3/38, 1993 
r., Bion. N 5). 

OCHOBHbIM HeAOCTaTKOM H3BeCTHUX 

HarpeBaTeribHbix sneMeHTOB ABnaeTCfl to, hto 
npn o6pbiBe sneicrponpoBOAflmeB hutm, 
pasMeujeHHoft Me>KAy KpaeBbiMM sneicrpoAaMki, 
npon30MAeT nepepacnpeAeneHMe 
sneKTpMMecKoro TOKa Me>KAy cocoahmmm c Heft" 
sneicrponpoBOAfliMMMM hmtamm, T.e. 
3/ieKTpnHecKMfi tok l 0 , TeKymMfi no 
sneicTponpoBOAflmuM hmthm, pacnonoweHHbiM 
nepneHAnKynfipHo sneicrpoAaM, M3-3a Hannnnfl 
conpoTMBneHMfl R n sneicrponpoBOAfliMMX HMTefi, 

pacnono>KeHHbix napannenbHO KpaesuM 
sneicrpoAaM, pacnpeAenMTca b AByx 
6nM>Ka^LLinx HanpaaneHMax, yBenuMUBaa npn 
3tom enny TOKa b 1,5-2 pasa. YKasaHHoe 
o6cTOfiTenbCTBO npnBeAeT k o6pbiBy coceAHMX 
sneKTponpOBOAfliMnx HHTefi yTKa pe3ncTHBHoro 
cnofl n o^epeAHOMy nepepacnpeAeneHnio 
sneiapuMecKoro TOKa c o6pa30BaHueM hobux 
o6pbiBOB. OnncbiBaeMbiv^ npoi^ecc 6yAeT HocnTb 
Heo6paTHMbi« xapaicrep, BoaneKafl b ce6a see 
HOBbie n HOBbie sjieKTponpoBOAflu^ne hutm, 
BnnoTb ao BbixoAa M3 CTpow Bcero 
HarpeBaTenbHoro sneMem-a. 

KpoMe Toro, KOMMyTai^nfl pe3MCTHBHoro cjioa 
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HarpeBaTenbHoro sneMeHTa c ncnonb30BaHneM 
b KanecTBe tokoboaob nonocoK M3 MeAHoC^ 
c|x3nbrn Tpe6yeT ooecneneHUfl HaAewnoro 
KOHTaiaa k snexTpoAaM pe3MCTHBHoro cno«, a 
npouecc ero n3roTOBneHMfl Tpe6yeT Gonbiijo^ 

OTBeTCTBGHHOCTM M BBCbMa TpyAOBMOK. 

Cyu^ecTBeHHbiM HeAOCTaTKOM RBJifleTcw TaioKe 
tot (fcaKT, hto cocTaBnflJOiMMe MaTepnaribi 
HarpeeaTeribHoro aneMeHTa (M3onflL^noHHbie 
cnon H3 peaKTonnacTa n TepMonnacTa, 
nonMMepHoe csnsyroiAee m pe3MCTHBHbiW cno^) 
HMeK)T pa3Hbift KOSctx^ni^neHT ycaAKn. 
YKa3aHHoe oocTOflTenbCTBO npnBOA^T k TOMy, 
hto b npoi^ecce M3roToaneHMfl HarpesaTenbHoro 
3/ieMeHTa mbtoaom npeccoBaHna vmki 
KanaHApnpoBaHna Ha6;i)OAaeTC^ Ae^opviai^nfl 
nnn o6pbiB nonocoK M3 mbahoR c^onbrn, 
coeflUHflfoinefl KpaeBbie aneiapoAbi 
pe3ncTHBHoro cnos, hto HeAonycTkiMO c tohkm 
3peHHfl n3roTOBneHnn pa6oTocnoco6Horo n 
HaAexo-ioro b 3KcnnyaTaLjHM HarpesaTenbHoro 
3/ieMeHTa. 

Bnn>KaMLUMM aHanoroM, Bbi6paHHOM b 
KanecTBe npOTOTnna, flariReTCfl H3o6peTeHue no 
naTeHTy SU N 1794284. 

OchobhoA 3aAanefl pa3pacoTKn flBnaeTCfl 
cosAaHHe TaKOM KOHCTpyKi^nn rn6Koro 
HarpeBaTenbHoro sneMeHTa, b kotopom 6binn 6bi 
MCKniOMeHbi nepeHMcneHHbie HeAocTaTKn, 
TeKCTnnbHafl cTpyscrypa pe3MCTMBHoro cno^ 
o6ecneMMBana 6bi nonHyio KOMMyTai\n*o 6e3 
McnonbsoBaHMJi nonocoK M3 MeAHofi 4)onbrn, a 
H3roTOBneHne rn^Koro HarpeBaTenbHoro 
aneMeHTa c ncnonb30BaHneM 

BbioieynoMflHyToro pe3HCTHBHoro cnon 
o6ecneHMBana BbicoKyjo pa6oTOcnoco6HocTb b 
npoi^ecce SKcnnyaTai^nn npn MMHnManbHbix 
TpyA03aTpaTax b npouecce ero npon3BOACTBa. 

TeXHMHeCKMM pe3ynbTaTOM, KOTOpblft MO)KeT 

6biTb nonyneH ot ncnonb30BaHHfl M3o6peTeHM«, 
«BnaeTCfl noBbiweHHe HaAejKHocTM n 
pa6oTOcnoco6HOCTM rn^Koro HarpeBaTenbHoro 
3neMeHTa m CHH>xeHMe TpyA033TpaT b npOL|ecce 
ero M3roTOBneHMfl. 

OcHOBHan 3aAana peiueHa m TexHMHecKMf^ 
pesynbTaT AOCTnmyT 3a cneT Toro, hto b 
™6kom HarpeBaTenbHOM sneMeHTe, 
coAep^aiAeM pesucTkiBHbift cno^ b BMAe 
TOKonpoBOAfliMeK tk3hm nonoTHAHoro nnn 
caTMHOBoro nepenneTeHMfl, yTOK n ocHOBa 
KOTopofl BbinonHeHbi H3 KOMnneKCHbix 
sneKTponpOBOAfliMux nonnMepHWX HMTeft, 
M30n«UMOHHblX hmtoK m MeTannn3npoBaHHbix 
HMTeC^, o6"beAUHeHHbix b sneiapoAbi, KOTOpbie 
pasMeu^eHbi no KpaaM pe3MCTHBHoro sneMeHTa 
no ocHOBe TOKonpoBOAfliMeR tkbhh m orn6aioT 

KOMnneKCHbie snetaponpoBOAJUM^e 
nonnMepHbie hutm pe3MCTMBHoro cnon, 
cornacHo M3o6peTeHMK) TOKonpOBOAfliMan TKaHb 

COAep>KMT M30nMpOBaHHbie pe3MCTMBHbie cnoM, 
CCjDOpMMpOBaHHbie M3 KOMnneKCHbix 

sneKTponpOBOAHiMMx nonMMepHbix HMTe^, 
pacnono>KeHHbix nepneHAMKynnpHO k KpaeBbiM 
sneiapoAaM ocHOBbi TOKonpOBOAfliMei^ tk3hm, 
pa3HeceHHbie APyr ot Apyra MaccMBOM 

M30n«l^MOHHblX HMTeC^, B 30H6 KOTOpblX 

pa3MeiMeHbi AononHMTenbHbie sneicrpOAbi, 
nepeKpeiMMBaiOLAMecn c KpaeBbiMM 
aneiapoAaMM m pacnonoKeHHbie 

nepneHAMKynnpHO k hmm m napannenbHO k 
KOMnneKCHbiM aneiaponpoBOAfliMMM 
nonMMepHbiM hmtam. nocTaaneHHan L^enb 
AocTMraeTCfl TaioKe TeM, hto b MaccMBe M3 
M3on«uMOHHbix HMTert napannenbHO 
KOMnneKCHbiM 3neKTponpoBOA«iMMM hmtam 
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pa3Meii^eHbi ABa snetcrpoAa, a no lunpuHe 
TOKonposoAflinefl tk3hm napannenbHo KpaeBbiM 
ojieKTpoAaM paBHOMepHO pacnpeAeneHbi 
npoMe>KyTOHHbie aneiapoflbi, 
nepeKpeinnBajoinnecq c KOMnneKCHbfMn 
aneiaponpoBOA^iMUMM, i43onflL4MOHHbiMM n 
MeTaJlJlM3HpOBaHHblMH hmthmm sneKTpoAOB yTKa 

T0KOnp0B0flHLL^8M TK3HH. 

TawKe ocHOBHan 3aAana MoweT 6biTb 
peiueHa m TexHMnecKMfl pe3ynbTaT AOCTMmyT 3a 
CMeT Toro, mto KOManeKCHbie 
sneiaponpoBOAflLUMe hmtm TOKonpoBOAfliijeft 
TKaHM pacnonoKeHbi napanneribHO k KpaeBbiM 
aneicrpoAaM, a pe3HCTMBHbie cnon, 
Bbino/iHeHHbie b Bv\f\e nonoc no ocHOBe 
TOKonpoBOA^ineW TKaHM, pa3HeceHbi Apyr ot 
Apyra MaccMBOM W3 M3on*mMOHHbix HMTefl, b 
30He KOTOpbix pasMemeHbi ABa npOMe>xyTOMHbix 
aneicrpoAa, npn^eivi KaK KpaeBbie, tbk m 
npoMe>KyTOHHbie sneicrpoAbi nsonnpoBaHbi ot 
nonoc M3 KOMnneKCHbix sneiaponpoBOAfliMMX 
HHTefi M3onfli4HOHHbiMM HUTflMH, a no yTKy 
TOKonpoBOAflmeft TKaHM nepneHAHKyjiflpHO k 

KOMnneKCHbIM 3flGKTp0np0B0A^ U4HM HMTflM 

paBHOMepHO pacnpeAeneHbi AononHMTenbHbie 
aneiapoAbi, nepeKpemMBaiomMecn c 
KOMnneKCHbIM M sneKTponpoBOA^mnMH, 

H3OnflL\M0HHblMH M MeTann H3 M poBa H H bl M Id 

hutamm aneicrpoAOB ochobw TOKonpoBOAflinetf 

TIOHM. 

OTnMHMTenbHbie npMSHaKM jmnnioTCfl 
cyu^ecTBeHHbiMM, nocKonbKy Ka>KAbiR M3 hmx b 
OTAenbHocTM m coBMecTHO HanpaBneH Ha 
peiueHMe nocTaBneHHOfl saAaHM m AOCTM>KeHMe 
HOBoro TexHMMecKoro pe3ynbTaTa. 
M3onnpoBaHHbie pe3MCTMBHbie cnoM M3 
KOMnneKCHbix sneicrponpoBOAfliUMx nonMMepHbix 
HMTeW, pacnono>KeHHbix nepneHAMKynapHO k 
KpaeBbiM aneKTpoAaM TOKonpoBOAflinefi tiohm, 

nOSBOn^T nOBblCMTb HaAe>KHOCTb M 

pa6oTocnoco6HOCTb HarpeBaTenbHoro 
aneMeHTa. HanMMMe AononHMTenbHbix 

SneKTpOAOB, pa3M6Ll^eHHblX B MaCCMBe M3 
M30nflL|MOHHblX HMTefi, KOTOpbie 

nepeKpeu^MBaioTcn c KpaeBbiMM snexrpoAaMM m 
pacnono>KeHbi nepneHAMKynapHO k hmm m 
napannenbHo k KOMnneKCHbIM 

aneicrponpoBOAfliUMM hmtam, no3BonMT 
o6ecneMMTb HaAe>KHyio cMCTeMy KOMMyTai^MM 
pe3MCTMBHoro cnon HarpeBaTenbHoro aneMeHTa. 
BnaroAapw npoMewyTOHHbiM sneicrpOAaM, 
pa3Meu^eHHbiM no niMpMHe TOxonpoBOAainefl 
TKaHM, mohcho pacwMpMTb AMana30H paGoTbi 
HarpeBaTenbHoro sneMeHTa b 3a b mc h moctm ot 
Hanps>KeHMfl nMTaHM^. HanMHMe pe3MCTMBHbix 
cnoeB, BbinonneHHbix b bmao nonoc no ochobo 

TO KO n pOBOflfl LL\e ft TKaHM, n03BOnMT CQ3AaTb 

AnnHOMepHbie HarpeBaTenbHbie sneMem-bi. 
YKa3aHHb!e oTnMHMTenbHbie cymecTBeHHbie 

npM3HaKM ABnflKJTCfl HOBbIMM, TaK KaK MX 
MCnonb30BaHM6 B M3BeCTHOM ypOBHO TeXHMKM, 

aHanorax m npoTOTMne He o6Hapy>xeHO, hto 
nosBonseT xapaKrepM30BaTb npeAno)KeHHoe 
TexHMMecKoe peiueHMe cooTBeTCTByjoiUMM 

KpHTepMK) "H0BM3Ha". 

EAMHafl COBOKynHOCTb HOBblX cyu^ecTBeHHbix 
npM3H3K0B C O^U^MMM M3BeCTHblMM 

cymecTBeHHbiMM npMSHaxaMM nosBonaeT 
peiuMTb nocraeneHHyw 3aAany m AocrMHb HOBbifi 
TexHMHecKMM pe3ynbTaT, hto no3BonfleT 
xapaKrepM30BaTb hoboo TexHMMecKoe peaieHMe 
cymecTBeHHbiMM othmmmhmm no cpaBHeHMK) c 
M3BecTHbiM ypoBHeM TexHMKM, aHanoroM m 
npoTOTMnoM, HoBoe TexHMMecKoe peiueHMe 
flBnneTcn pe3ynbTaTOM 
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OnblTHO-KOHCTpyKTOpCKOfl OTpaOOTKM M 

TBopnecKoro BK/iaAa, nonyneHO 6es 
McnonbsoBaHMfl cTanaapTHbix, 

npOeKTMpOBOHHblX peiiieHMM MnM K3KMX-nM60 

peKOMeHAauMft, no CBoefl coAep>KaTenbHOCTM m 

OpM rM Han b H OCTM COOTBOTCTByeT KpMTOpMK) 

n M3o6peTaTenbCKMM yposeHb". 

Ha tfwr. 1 npeACTasneHa TOKanpoBOAfltMaa 

TK3Hb, COAepKaLl^afl M30nMpOB3HHbie 
pe3MCTMBHb)6 CT10M, C0OpMMpOBaHHbie M3 

KOMnneKCHbix snexTponpoBOAHLMMX HMTefl, 
pacnonoKeHHbix nepneHAMxynnpHO k KpaeBbiM 
snexTDOAaM ocHOBbi, m pa3HeceHHbie MaccMBOM 

M30n«l4MOHHblX HMTOft, B 30H6 KOTOpblX 

pa3Meii|eHbi AononHMTenbHbie sneiapoAbi m 
0>parMeHT pe3MCTMBHoro cnon M3 yKa3aHHofi 
TKaHM; Ha o>Mr. 2 npeACTasneHa 
BbioieonMcaHHan TOKonpoBOA^iMan TKaHb, 
coAep>Kama« b MaccMBe M3 M3onfli^MOHHbix 
HMTeM Aaa AononHMTenbHbix aneiapoAa, a no 

UJMpMHe TOKOnpOBOA^lMeft TKaHM 

npoMe>xyTOMHbie sneiapoAbi m c>parMeHT 
pe3MCTMBHoro enow; Ha o>Mr. 3 npeACTaBneHbi 

TOKOnpOBOARU^afl TKaHb, B KOTOpOft 

KOMnneKCHbie sneiaponpoBOA^iMMe hmtm 
pacnonoweHbi napannenbHo k KpaeBbiM 
aneKTpoAaM, a pe3MCTMBHbie cjiom BbinonHeHbi b 
BMAe nonoc no ocHOBe TOKonpoBOAfliueft TKaHM, 
m o>parMeHT pe3MCTMBHoro cnofl M3 yKa3aHHoW 
TKaHM; Ha c(3Mr. 4 npeACTasneH noonepai^MOHHo 
TexHonorMHecKM^ npoL;ecc M3roToaneHMR 
pe3MCTMBHbix cnoeB M3 BbiLueonncaHHbix 
TOKonpOBOA^iMMx TKaHeft; Ha oJ)Mr. 5 
npeACTasneHbi TpexcnoflHbte HarpeBaTenbHbie 
sneMeHTbi, coAep>KamMe CKOMMyTMpoBaHHbie 
pe3MCTMBHbie cnoM, pa3MeLi^eHHbie Me>KAy 

M30nflLJMOHHblMM CJ103MM. 

<t>parMeHT TOKonpOBOA^meft TKaHM, 
npeACTaaneHHbifi Ha 4)Mr. 1 (A), coAep>KMT 

De3MCTMBHbie CT10M 1, CO>OpMMpOBaHHbie M3 

KOMnneKCHbix sneicrponpoBOAHiMMX HMTet^ 2, 
KOTOpbie pacnono)KeHbi nepneHAMxynnpHO k 
KpaeBbiM sneicrpoAaM 3. Pe3MCTMBHbie cnoM 1 
pa3HeceHbi APyr ot Apyra MaccMBOM 

M30n«L\MOHHblX HMT6ft 4, B 30H6 KOTOpblX 

pa3MeineHbi AononHMTenbHbie sneKTpoAW 5. Ha 

nOBepXHOCTM pe3MCTMBHoro enow M3 yKa3aHH0fi 
TOKonpoBOAflineM TKaHM, KOTopuft npeAcraBneH 
Ha cf)Mr. 1 (B), noKa3aHbi MecTa Bbipy6KM 6 
AononHMTenbHoro sneiapoAa 5 m 30Hbi na^KM 8 
Ana niHypa Hanpn>KeHMfl nMTaHMfl. Ha o>Mr. 2 (B) 
npeACTaBneH o>parMeHT TOKonpoBOAflineH 

TKaHM, KOTOpafl B M3CCMB6 M30nflLJMOHHblX HMT6^ 

4 coa©P>kmt ABa AononHMTenbHbix sneicrpoAa 5. 

Flo LUMpMHe TOKOnpOBOA*mefi TKaHM 

napannenbHo KpaeBbiM sneiapoAaM 3 
paBHOMepHO pacnpeAeneHbi npoMe>xyTOHHbie 
sneiapoAbi 7. 3ohw naftKM 8 An« WHypa 
Hanpfl)KeHMR nMTaHMfl Ha p63mctmbhom cnoe 
noxa3aHbi Ha (J)Mr. 2 (0- 

(t>parMeHT TOKonpoBOA^iMei^ TKaHM, 
npeACTaBneHHbiM Ha o>Mr. 3 (fl), coctomt ms 
pe3MCTMBHbix cnoeB b BMAe nonoc 9 Ha ocHOBe 
KOMnneKCHbix sneiorponpoBOAfliUMx HMTeft 2, 
pacnonoKeHHbix napannenbHo k KpaeBbiM 
sneiapoAaM 3. nonocbi 9 pa3HeceHbi Apyr ot 

APyra MaCCMBOM M3 M30nfll4MOHHblX HMTei^ 4, B 
30H6 KOTOpblX pa3MeiMeHbl ABa npOMe>KyTOHHbJX 

sneKTDOAa 7, npMneM iok KpaeBbie 3, TaK m 
npoMe>KyTOHHbie aneiapoAbi 7 M3onMpoBaHbi ot 
nonoc 9 mbccmbom M3onfli4MOHHbix HMTeft 4. no 
yTKy TOKonpoBOA^iMeft TKaHM, nepneHAMKynspHo 
k KOMnneKCHbIM sneiaponpoBOAfliMMM hmtam 2 
paBHOMepHO pacnpeAeneHbi AononHMTenbHbie 
sneiapoAbi 5. Ha o>Mr. 3 QK) npeACTaBneHbi 
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cpparMeHTbi pe3MCTHBHbix cnoea H3 
BbiweyKa3aHHofi TOKonpoBOAflmefl tiohm, Ha 
KOTopbix noKaaaHbi MecTa Bbipy6KM 6 b 
AonojiHMTenbHbix sneiapoAax 5 m 30HW naflicu 8 
Ann tuHypa HanpaweHMH nuTaHMfl. 

Ha cfwr. 4 npeflCTaBri8H noonepai^noHHO 
TexHonornMecKnK npoijecc H3roTOBJieHnn 

p83HCTHBHbJX CT106B M3 yKa3aHHbix Ha cfyir. 1-3 
TOKOnpOBOAflLMUX TKaHeCl, KOTOpblR COCTOMT H3! I 

- paspesKH TOKonpoBOA^mux TjeaHefi Ha 
OTflenbHbie pe3ncTHBHbie cnon b cooTBeTCTBun 

C TeXHUHeCKHMM XapaKTepMCTMKaMU l/l 

ra6apnTHbiMw paaMepaMn paspa6aTbiBaeMoro 
raSKoro HarpeBaTe/ibHoro anewieHTa; II - 
KOMMyiai^nn pe3HCTMBHoro sneMeHTa, 
ooecneHMBaeMofi nyTSM Bbipy6KM 6 cunoBbix 
aneiapoAOB m noAroTOBKM 30Hbi naRwi 8 atia 
iiiHypa HanpflweHHfl nmaHUfl; III - npeccosaHMfl 
(KanaHApupoBaHUfl) peancTHBHoro cnoa 

COBMeCTHO C M30J1RI4MOHHblMH CJlOflMM (T.e. 
pe3HCTHBHblM CnOfi pa3M6li\aK)T M6>KAy 

M30Jifli4MOHHbiMn cnoflMH c nocneAyrcmeM' 
TepMOo6pa6oTKoK Bcero naKeTa b cooTBeTCTBMM 
c Han6onee onTWManbHbiM pe>KMMOM 
crpyicrypupoBaHMw MaTepnana nsoiifli^noHHbix 
cnoea). 

Ha $kir. 5 npeACTaaneHbi HarpeBaTenbHbie 
oneMeHTbi, KOTOpbie coAep>KaT 

CKO M My TH pOB3H H bl H pe3MCTMBHblfl CXIO^ 1, 
M30nfllJMOHHbie CJIOM 10, CHHOBbie 3/ieKTpOAbl 

11, repMOBbiBOA 12, lUHyp nmaHUfl 13. 

B KanecTBe n3onfli4HOHHbix cnoeB rn6Koro 
HarpeBaTenbHoro sneMeHTa MoryT 6biTb 
ncnorib30BaHbi peaKTonnacTbi (HanpuMep, 
creicnoTKaHb, nponvnaHHafl TepwopeaicrnBHo^ 
anoKCHAHofl cMonotf); TepMonnacTbi (HanpuMep, 
nojiM3TM/ieH). TaioKe mo>kho ncno/ib30BaTb 
AByxcTOpOHHiOK) caMOKneiomyio nneHKy 
(Hanpuwep, AByxcTopoHHMfl "ckotm"), KOTopyw c 

CAHOfl CTODOHbl npMKJieHBaiOT K p83HCTMBH0My 

3neMeHTy, a c Apyrofi - k cfrparMeHTy Toro urn 

MHOrO M3A8J1M«. npMHeM C L^e/lblO CHI/DK8HHH 

TennooTAaHM Ha HapywHyio noBepxHOdb 
"cKOTMa" (He oSpaineHHyK) k n3Aennio) mowho 
HaKneMTb TeruioM3o/inpyioiAnW MaTepnan 
(HanpuMep, neHonnacr, pe3MHy, KO)Ky, nopMCTbiM 
neHonorin3TMneH m t.a ). 

KaK noKa3aHo Ha cJdw*. 5, th6khR 
HarpeBaTeribHbiM sneMem" (cjwr. 5 (Jl)) coabP>kmt 
ujecTb napa/ine/ibHO coeAMHeHHbix 
HarpesaTenbHbix sneMeHTOB. Hto KacaeTca 
rn6Koro HarpeBaTenbHoro sneMeHra, 
n pe ACTa Bn en Horo Ha cjw. 5 (K), to oh coctomt 
H3 Tpex napannenbHo coeAHHeHHbix 
HarpesaTenbHbix sneiweHTOB, npuneivi Kpa^Hne 
sneiweHTbi nMeioT 6onee BbicoKyio TewnepaTypy 
pa6oMeM noBepxHOCTM, Meiw cpeAHne. 

3to ooycnoBneHO T8M, hto TeMnepaTypa 
paconeM* noBepxHOCTM rMOxoro HarpeBaTenbHoro 
sneiwieHTa saBMCMT ot era yAenbHofl molahoctm, 

a, KaK M3B8CTHO, yAenbHafl MOlAHOCTb P yfl M 

TeMnepaTypa paconeR noBepxHOCTM T ru6Koro 
HarpeBaTenbHoro sneMeHTa onpeAenaeTCfl M3 
cneAytou4Mx coothouj6hmm:. 
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TA8 P - HOMMHa/IbHafl MOLUHOCTb 

HarpeBaTenbHoro aneMeHTa, Bt; A m B - 

CO0TB8TCTB8HH0 AHMHa M UJUpMHa pe3HCTMBHOrO 

cxiofl, m; U - 3aAaHHoe Hanpn^eHne nuTaHna, B; 
Rc - aneKTpoconpoTMBneHMe pe3ncTUBHoro 
cnon, Om; n «A - KonnnecTBO KOMnneKCHbix 
sneiaponpoBOAfliMux HMTe^ Ha AHMHy 
pe3HCTHBHoro cnofl; R n - yAenbHoe nnHe^Hoe 
sneKTpoconpoTMBneHne sneKTponpoBOAfliueW 
hmtm, Om/m; T c - TeMnepaTypa OKpy>KaioiAe^ 

cpeAbi, °C; T k - TeMnepaTypa pa6onefl 
noBepxHOCTM HarpeBaTenbHoro 
aneMeHTa, °C; a - KOSCfx^nuneHT TennooTAann 
HarpeBaTenbHoro oneiweHTa, Bt/m 2 • K. 

KaK cneAyeT H3 cooTHomeHM^ I-IV, 
TeMnepaTypa paooneH noBepxHOCTM 
HarpeBaTenbHoro sneMeHTa npflMO 
nponoptjHOHajibHa BennnuHe yAenbHO^ 
moiahoctm pe3MCTHBHoro c/ioB npn ycnoBMH, HTO 
3neKTpoM3onflL^noHHbie cnon BbinonHeHbi M3 
OAHoro n Toro >Ke MaTepnana m ccfjopMOBaHbi 

npM OAHOM M TOM >K6 TOXHOnOrHMeCKOM 

npoqecce. 

npuMepbi pacneTa pe3HCTHBHoro cno« 
HarpeBaTenbHoro sneMeHTa M3 pa3pa6oTaHHbix 
TOKonpoBOAflimix TKaHeW Ha ocHOBe 
KOMnneKCHbix 3neKrponpoBOA«iMnx HMTeW 
npMMeHMTenbHO k rn6KMM HarpeBaTenflM 
paanviMHO^ moll^hocth m Hanpn>KeHiin nuTaHUB 
Anji paannHHbix M3AenMM npeAcraBneHbi HM>Ke. 

B npouecce pacneTa onpeAennnncb 
KonMHBCTBO KOMnneKCHbix sneiaponpoBOARiMUX 
HMTeK n Ha eAHHML\y ahuhw pe3MCTHBHoro cnofl; 
KonnnecTBO aneiapoAOB K*; KonnnecTBO 
MeTajinn3npoBaHHbix HHTefi b aneiapoAe aha 
neTHoro mi n HeneTHoro nri2 KonnnecTBa 
sneiapoAOB. PacneT npon3BOAnncfl c 
ncnonb30BaHneM cooTHoiueHMM: 
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TAe P - HOMMHanbHafl MOUJHOCTb 

HarpeBaTenbHoro 3neMeHTa, Bt; A m B - 
cooTBeTCTBeHHo AnMHa n mnpnHa pe3MCTMBHOrO 
cnofl, m; y 3 - - npeAenbHo AonycTMMoe 

TennoBbiAQ-nenne Ha eAUHML^y AnnHbi 
aneKTponpoBOAfliue^ hmtm, Bt/m; U - 3aAaHHoe 
HanpnKeHMe nMTaHMw, B; R n - nMHe^Hoe 
sneicrpwHecKoe conpoTMBneHne 
3neKTponpoB0Afl^eW hmtm, Om/m; y m - 
npeAenbHo AonycTMMoe TennoBbiAeneHMe c 

eAMHML^bl ATlMHbl MeTannMSMDOBaHHO^ HMTM, 

Bt/m; Rm - yAenbHoe sneiapoconpoTMBneHMe 
MeTannn3MpoBaHHOM hmtm, Om/m. 

npMMep pacneTa CTpyicrypbi pe3MCTMBHoro 
cnofl (cf)Mrypa 1 B). 

3aAaHo: HoMMHanbHafl MoiAHocTb 
HarpeBaTenbHoro oneMeHTa P = 800 Bt, 
Hanpfl)KeHMe nMTaHMfl U = 220 B, A^MHa A = 1 m, 
niMpMHa B = 0,8m. Tpe6yeTca onpeAenMTb 
CTpyiaypy pe3MCTMBHoro cnoa, 
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o6ecneMHBaK)L4yio TexHMHecKwe napaMeipw 
HarpeBaTenbHoro 3/ieMQHTa. 

PeiueHne: B KaMecTse TennoBbiAenaioineH" 
KOMirneKCHO^ sneicrponpoBOAflmeM* hmtm 
Mcnonb3yeM HMTb, nMHeflHoe aneiapMHecKoe 
conpoTUBneHne kotodom" R„ = 160000 Om/m c 

npeAenbHO AonycTMMbiM TennoBbifleneHneM Ha 
ejxmm\y AnnHbi hmtm y 3 = 0,5 Bt/m. C noMombio 

BbipaxeHMfl V onpeAenaeM KonMHecTBO 

KOMPineKCHblX 3/16KTponpOBOA«LMHX HHTefl Ha 

AfiMHy pe3ncrnBHoro cnon: 



n = 



n - 



Y *A*B 

9 



800 



~ 2000 HMTeM/M 



0,6*1 "0,8 

Mcnonb3yfl BbtpaxeHne VI onpeAenaeM 

H606X0AMM08 K0J1HM6CTB0 3J16KTp0A0B B 
PG3HCTWBHOM 0/106! 



K = 1+ 



/R *P*B 

i / J2 

u r «*a ' 



1 /lEOOQO*800«0,fl 

K = 1+ J = 140,99 = 1,99 

220 V 1*2000 

OKpym&eM nonyneHHoe BbipaxeHkie ao 
tjenbix HHcen m nyTewi noBTopHoro 

klCnOJlb30BaHMn BWpa>KeHMfl VI yTOHHMM 

KOJikmecTBO TennoBbiAenfliOLi^nx HMTefl Ha A/iMHy 
pe3HCTHBHoro cnofl: 

R *B*P 



n 



n - 



2 2 
U *<K-1> *A 



n = 



150000 »0, 8 »800 

2 2 
ZZO *1 *1 



= 1983 HMTeM/M 



C noMoi^bJo Bbipa>KeHM« VII onpeAenneM 
KonnnecTBO MeTanriM3npoBaHHbix HMTefi c 
yMeTOM Toro, mto Mcnonb30BaHa 
MeTan/iM3npoBaHHafl HMTb MapKM M8K2 Ha 

0CH0B6 MeAH C yAe/lbHblM 

sneKTpoconpoTMBneHneM - 1 Om/m m 

npeAenbHbiM TennoBbiAeneHHeM c eAUHHi^bi 
AnMHbi y m = 0,5 Bt/m. 



2P 
W l" U*K 



2*800 



= E> 



1 ZZ0«2 T 0,5 

TaKMM o6pa30M, Anfl ooecneMeHMH 
HaAe)KHOCTM HarpeBaTenbHoro aneMeHTa c 
o6ecneH6HMeM 3aAaHHbix napaMeTpoB 
pe3HCTMBHbi« cnofl AonweH C0Aep>KaTb 1983 
sneKTponpoBOAfliMux HMTeH Ha 1 m AnMHbi n 
pa3MemeH Me>KAy AsyMfl sneiapoAaMM M3 5-th 
MeTannw3npoBaHHbix HHTefi. YKa3aHHbifl 
pe3HCTHBHbi^ cnotf cooTBeTCTByeT cTpyioype 
TOKonpoBOA^iMe^ TKaHM, npeACTaaneHHotf Ha 
oJ)Mr. 1 (A), KOTopan coAepWMT M3onnpoBaHHbie 
pe3ncTMBHbie cnoki, 0$OpMMDOBaHHbie H3 

KOMnneKCHbix oneiaponpoBOAflLUMX HMTefi, 
pacnonoweHHbix nepneHA^KynapHo k KpaeBbiM 
sneiapoAaM ochobh TOKonpoBOAflinefi TKaHM, 
pa3HeceHHbie Apy ot APyra MaccuBOM 

M30nflL(M0HHblX HMTefl, B 30H6 KOTOpblX 

pa3MemeHbi AononHMTenbHbie aneicrpoAbi, 
nepeKpeiUMBatoiAtiecn c KpaeBbiMM 
3Ji eicrpoAa m h h pacno/io)KeHHbiMvi 

nepneHAHKyriflpHO k hum m naparineribHo k 
KOMnnsKCHbiM aneiaponpoBOAflmMM HMTRM. 
Pa3pa6oTaHHbie HarpeBaTenM MoryT 
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ncnonb30BaTbCfl b 6biTy h npoMbimneHHOCTH 
Ann ooorpeBa xMnbix noMeujeHuft h 
npon3BOACTBeHHbix nnoinaAefi. 

npMMep pacneTa CTpyicrypbi pesMCTMBHoro 
cnoa (4)nrypa 2V). 

3aAaHo: HoMMHanbHan Mou^HocTb 
HarpeBaTenbHoro aneMeHTa P = 400 Bt, 
HanpfweHMe nwaHHfl U = 36 B, AnnHa A = 1 m, 
WHpwHa B = 0,5 m. TpeoyeTca onpeAenHTb 
CTpyicrypy pe3kicTHBHoro cnofl, 
o6ecneHHBaK>mero TexHvmeciwe napaMeTpw 
HarpeBaTenbHoro 3neM8HTa. 

PeweHHe: B Ka^ecTBe TennoBbiAen^HDine^ 
KOMnneKCHoft sneicrponpoBOAflmett hmtm 
ncnonb3yeM HiiTb, nnHe^Hoe sneicrpunecKoe 
conpoTMBneHwe kotodoW paBHO R„ = 120000 

Om/m c npeAenbHO AonycTMMbiM 
TennoBbiAeneHMeM Ha eAMHni4y AnMHbi hmtm y 3 = 

1,5 Bt/m. C noMOinbio Bwpa)KeHMfl V 
onpeAenneM KonwmecTBO sneicrponpoBOAHiMMx 
HMTeM Ha eAMHimy AnMHbi pe3MCTHBHoro cnon: 
p 



n - 



ti - 



400 



= 533 HMTeM/H 



1,5*0, 5*1 

Hcnonb3yn BbipajKeHHe VI onpeAenneM 
Heo6xoAHMoe KonMHecTBo sneKTpoAOB b 

P63MCTMBHOM 0/109 

/R *P*B 
n 
. 
T1*A 

1 /lZOOOO '400*0, 3 

K = 1* ,/ = 1* 

36 V 1*533 

OKpyrnaeM nonyMeHHoe BbipajKeHkie ao 
i4enbix MMcen m nyTeM noBTopHoro 
Mcnonb30BaHnq Bbipa>KeHn^ VI yTOMHfleM 
KoriMHecTBO TennoBbiAenflioi^nx HUTeK Ha 
eflHHML\y AnnHbi pe3MCTMBHoro cnon: 

R *B*P 



212 
36 



= 6,8 



n 



n = 



2 2 
U *CK-1> *A 



n = 



120000 *0, 5 *400 

2 2 
36 *6 *1 



= 514 HMTeM/M 



C noMoii^bto BbipaxeHHfl VIII onpeAenneM 
KonMHecTBO MeTannn3npoBaHHbix hmtoW c 
yneTOM Toro, hto ncnonb30BaHa MeAHan HMTb 
MapKM M8K2 Ha ocHOBe moam c yAenbHbiM 
3neKTpoconpoTMBneHneM = 1 Om/m m 
npeAenbHO AonycTHMbiM TennoBbiAeneHMeM c 
eAMHHL^bi AnMHbi y m = 0,5 Bt/m. 



2P / _M 

M 2 = u*ck-i> V r ; 



m 



m = 



= 5,1 



2 *400 / 1 
36 *6 Y 0,6 

TaKMM o6pa30M, Ann ooecneneHM« 
HaAe>KH0CTM HarpeBaTenbHoro 3neM6HTa c 
o6ecneneHMeM 3aAaHHbix napaMeTpoB 
pe3MCTHBHbifl cno^ Aon>KeH coAep>KaTb 514 
3neicTponpoBOA«mMX HHTe^. YKasaHHbiW 
pe3MCTMBHbifl cno^ cooTBeTCTByeT CTpyirrype 
TOKonpoBOAfliMeW TK3HM, npeACTasneHHO^ Ha 
cf)nr. 2 (B), KOTOpan C0Aep>KHT b MaccMBe M3 
M3onflL^MOHHbix HMTeW ABa sneirrpoAa, a no 
WMpMHe TOKonpoBOA^u^e^ TK3HM, napannenbHo 
KpaeBbiM sneicrpoAaM npOMe>KyTOHHbie 
sneicrpoAbi, nepeKpemkiBaioLnuecfl c 
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KOMnneKCHblMM, 3J16KTp0np0B0A^U^MMM, 

M3onyiunoHHbiMH vi MeTannnanpoBaHHbiMn 
hmthmm aneiapoAOB yTKa TOKOnpOBOAfllMQ^ 
TK3HM. Pa3pa6oTaHHbie HarpeBaTenn MoryT 
TaioKe ncnojib30BaTbca b 6brry m 
npoMbiiuneHHOCTki Ana oGorpeBa wwibix, 

npOM3BOACTB6HHblX M nOABaTlbHblX nOMeiA6HMM. 

npMMep pacMeia CTpyicrypbi peancTHBHoro 
cnofi (a>Mrypa 3>K). 

3aAaHo: HoMi/iHa/ibHaa MoiijHocTb 
HarpesaTenbHoro 3neMeHTa P = 3600 Bt, 
HanpflKeHne nMTaHMH U = 24 B, AnnHa A = 1 m, 
ujupnHa B = 6 m. Tpe6yeTCfl onpeAennTb 
CTpyioypy pe3MCTMBHoro cnofl, 
o6ecneMMBaioiAero TexHMHecKMe napaMeTpw 
HarpeBaTeribHoro aneMehrra. 

PeiueHkie: B KanecTBe TennoBbiAenaiomeM' 
KOiwnneKCHofi sneicrponpOBOAamefl hmtm 
ncnonb3yeM HMTb, nMHeflHoe sneicrpMHecKoe 
conpoTUBneHne KOTopofi paBHO Rn = 150000 
Om/m c npeAenbHO AonycTMMbiM 
TennoBbiAeneHneM Ha eAMHMijy AnMHbl hmtm y 3 = 

1,5 BT/M. C riOMOLMbK) BblpaweHMfl V 

onpeAenfleM KonunecTBo aneicrponpoBOAflLMMX 
HMTeii Ha eAUHHuy AnnHbi pe3MCTMBHoro cnoa: 



n ~ 



n = 



Y «A»B 

3 

3600 



= 1200 HMT6M/M 



0,5*1*B 

Hcnoiib3yfl Bbipa>KeHMe VI onpeAenaeM 
Heo6xoAMMoe KOjinnecTBO aneicrpoAOB b 

P63MCTMBHOM CflOe: 



/R •P*B 
n 
; 
n»A 



1 Asoooo* 

K = 1+ / 

Z4 T 1*1 



3600*6 1643 

= 1+ = 68,4 

1Z00 24 



OKpymneM nonyneHHoe BupaweHMe ao 
L\enbix Mucen m nyieM noBTopHoro 
Mcnonb30BaHMfl BbipaweHkm VI yTOMHfleM 
KoiiMHecTBO TenjioBbiAenRJomux HMTefi Ha 

eAMHM4y AHMHbl p83MCTMBHOrO CflOfl: 
R »B*F 



Tl 



n = 



2 2 
U »CK-1> *A 



n - 



150000*6*3600 

2 2 
24 •68 «1 



= 1216 HMTeM/H 



C noMou^bio BbipaxeHMJi VIII onpeAenneM 

K0J1MH6CTB0 MeTannM3MpOBaHHblX HMTefl c 

y^eTOM Toro, mto Mcnonb30BaHa MeAHaa HMTb 
MapKki M8K2 Ha ocHOBe Me am c yAenbHbiM 
aneicrpoconpoTMBJieHMeM Rm = 1 Om/m m 

npeAenbHO AonyciMMbiM TennoBbiAeneHMeM c 

eAMHML^bl AnMHbl y m = 0,5 Bt/m. 



2P / _m 

M 2 = u*<k-i> V r 1 



m 



2 •3600 



m = 



= 6,1 



24*68 If 0,6 

TaKMM o6pa30M, Ann oeecneneHMfl 
H3Ae>KH0CTM HarpeBaTeribHoro sneMeHTa c 
o6ecneneHMeM 3aAaHHbix napaMeipoB 
pe3MCTMBHbi« cnofl Aon>KeH coAeprcaTb 1216 
3neKTponpoBOA«iMMX HMTeM" Ha eAMHML^y ero 

UJMpMHbl. YKa3aHHblR pe3MCTMBHblfl Cnofi 

cooTBeTCTByeT cTpyiaype TOKonpoBOAflinefi 
TK3HM, npeACTaaneHHO^ Ha cfwr. 3 (fl), b 
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KOTopofl KOMnneKCHbie aneiaponpoBOAfliMMe 
hmtm pacnono>KeHbi napannenbHO k KpaeBbiM 
onexTpoAaM, a pe3MCTMBHbie cjiom BbinoriHeHbi b 
BMAe nonoc no ocHOBe TOKonpoBOAflinefi tiohm 
m pasHeceHbi APyr ot Apyra mbccmbom M3 

M30iinL(MOHHblX HMTOfl, B 30H6 KOTOpblX 

pa3MeLAeHbi ABa npoMe>KyTOMHbix aneicrpoAa, 
npMHeM KaK KpaeBbie, TaK m npoMeKyTOMHbie 
arteKTpoAbi M30/iMpoBaHbi ot nonoc M3 
KOMnneKCHbix sneicrponpoBOAfliAMX HMTefi 
M3onni4MOHHbiMM HMTflMM, a no yTKy 
TOKonpoBOARiMeW TKaHM nepneHAMKynnpHo k 
KOMnneKCHbiM anexTponpoBOA^LL^MM hmtpm 
paBHOMepHO pacnpeAeneHbi AononHMTenbHbie 
sneicrpoAbi, nepeKpeu^MBaiou^Mecn c 
KOMnneKCHblMM, aneiaponpoBOA^LiiMMM, 

M30nfll4M0HHbIMM M M6TannM3Mp0BaHHblMM 

hmtamm aneiapoAOB OCHOBbJ TOKonpOBOAfiinefl 

TK3HM. 

npMMep pacneTa CTpyicrypbi pe3MCTMBHoro 
cnofl aneiapoHarpeBaTenp, npeACTaBneHHoro Ha 
0>Mr. 5J1. 

3aAaHo: HoMMHanbHan MOiMHOCTb 
HarpeBaTenbHoro aneMeHTa P = 100 BT, 
Hanpn^eHMe nMTaHMn U = 12 B, AnMHa A = 0,3 
m, LLiMpMHa B = 0,3 m. Tpe6yeTCfl onpeAenMTb 
CTpyKTypy pe3MCTMBHoro cnofl, 
o6ecneHMBaK>mero TexHMHecKMe napaMeTpw 
HarpeBaTenbHoro aneMeHTa. 

PeiueHMe: B KanecTBe TennoBbiAenflioiAe^ 
KOMnneKCHoW hmtm Mcnonb3yeM HMTb, nMHe^Hoe 
aneicrpM^ecKoe conpOTMBneHMe KOTopo^ paBHO 
Rn = 150000 Om/m c npeAenbHO AonycTMMbiM 

TennoBbiAeneHMeM Ha eAMHML\y atimhw hmtm y 3 = 

0,5 Bt/m. C noMoiAbK) BbipaweHMfl V 
onpeAenaeM KonMHecTBO aneiaponpOBOAfliMMX 
HMTeM Ha eAMHMuy AnwHbi pe3MCTMBHoro cnofi: 



100 



n = 



9 



0,5 *0,3*0,3 



= 2Z2Z HMTBH/ll 



MaKCMManbHO B03MO)KHafl TOKCTMnbHafl 

nnoTHOCTb KOMnneKCHbix aneiaponpoBOA^iMMX 
HMTeW no yTKy TOKonposoAfliAefl TKaHM He Gonee 
2000 HMTeCVMeTp, noaTOMy KOMnneKCHbie 
aneKTponpoBOAfliAMe hmtm pa3MeiAeHbi no 
ochobo to Kon po bo a^ me ^ tk3hm napannenbHO 
KpaeBbiM aneicrpoAaM. 

Mcnonb3y« BbipaxeHMe VI onpeAen^eM 
Heo6xoAMMoe KonMHecTBo aneicrpoAOB b 
pe3MCTMBHOM cnoe, pacnono>KeHHbix 
nepneHAMKynapHo k KpaeBbiM aneicrpoAaM: 



K = 1+ 



£ / V"" 1 . i_ / 
U / n*A 1+ 12 / ' 



15GD00«100*0,3 



ZZZZ *0,3 



82 

= 1* = 7,94 

12/ 

OKpymaeM nonyneHHoe BbipaxeHMe ao 
L\enbix HMcen m nyTeM noBTopHoro 
Mcnonb30BaHM« BbipaweHMfl VI yTOHH^eM 
KonMnecTBO aneiaponpoBOA^iAMx HMTefi Ha 
eAUHMuy AnnHbi pe3MCTMBHoro cnoa: 



n = 



2 Z 
U •A»<K-1> 



15000P»100«0.3 
144*0, 3*<7-l> Z 



= 2993 HMTBfl/*1 



C noMoiAbio Bbipa>KeHMfl VII onpeAenseM 

KOnMHeCTBO MeTannM3MpOB3HHblX HMTeCl B 

K£W<aom sneiapoAe c yneTOM Toro, hto 
Mcnonb3oaaHa MeAHan HMTb MapKM M8K2 Ha 
ochobo MeAM c yAenbHWM 

sneicrpoconpoTMBneHMeM Rm - 1 Om/m c 
npeAenbHO AonycTMMbiM TennoBbiAeneHMeM c 

eAMHML^bl AnMHbl y m = 0,5 Bt/m. 
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<J> 



O 



ZP / M 2*100 
U*K V n 1Z*<7-1> 




=3,9 HMTGfl 



TaKUM o6pa30M, flnn ooecneneHi/m 
Hafl©)KHocTM Harp8BaTe/ibHoro aneMBHTa c 
o6ecneMeHneM ssashhhx naparwieTpoB 
pe3MCTHBHbi« cnofl Aon)KeH co/jepaoTb 2893 
KOMnneKCHbix aneicrponpoBOAfliAHX HMTefl Ha 
eflUHHi^y era AnnHbi, ceMb aneiapoAOB M3 
ucnonb3yeMbix MeT3nnn3Hp0B3HHbix HMTefl 
Mapxvi M8K2 b k3>kaom anetcrpoAe. 

RpwYiep pacneTa CTpyKTypw pe3MCTMBHoro 
cnofl aneiapoHarpeBaTenn, npeACTaBneHHoro Ha 
4>nr. 5K. 

3aAaHo: Pe3MCTMBHbi« cnofl coctomt H3 Tpex 
napannenbHo coeAUHeHHbix 3/i6M6htob b bma© 
ceio^w, a Be M3 KOTopbix KpatiHue m OAHa 
cpeAHflfl. PaccTOAHne MewAy oneiapoASMH b 
Kpa^HMx m cpeAHeH ceiojwflx paBHo Li = L3 = 
25 cm, L2 = 30 cm. Tpe6yeTCH onpeAenuTb 
MOinHocTb KpaftHMX i/i cpeAHeR ceiqHfi 
HarpeBaTenbHoro aneMSHTa m TSMnepaTypy ero 
paoonefi noBepxHocru c yneTOM Toro, hto 

M30Jl«l4MOHHbl9 CJIOH BbinonH6Hbl M3 

creKnonnacTMKa, Koacfx+JUijueHT TennooTASHH 
KOTopbix cocTaB/ifleT a = 24 Bt/m 2 «K. 

PeiueHne: B KsnecTBe TennoBbiAenaiomeM 
huth ncnorib3yeM KOMnneKCHyio 

sneicrponpoBOAfliAyK) HWTb c yAeribHbiM 
aneiapoconpOTUBJieHMeM Rn = 150000 Om/m, 

KonnMecTBO TennoBbiAeriflioinMX HHTefi Ha 
eAUHnuy AnnHbi pe3HCTHBHoro cnon n = 1000 
HMTe^/M6Tp. OnpeAarifleM aneicrpHHecKoe 
conpoTUBneHne pe3HCTHBHoro cnofl, ncnonb3ya 
BbipaxeHne III a/ih kdsHhmx ceiujkift 
HarpeBaTenbHoro anewieHTa: 



n 1 

R = — - 

c T1»A 



150000 »Q, 25 n 

= 37,6 UM 

1000 «1 

CooTBeTCTBSHHO onpeAenaeM 
3/ieKTpnHecKoe conpOTUBneHne Ana cpeAHefl 
ceKUMM HarpeBaTe/ibHoro aneMeHTa: 

R »L 

150000 »0,3 



n Z 

R = 

c n *A 



= 45 Om 



1000*1 

OnpeAenaeM MOUjHocTb KpatfHkix (P 1) n 

cpeAHeft (P2) ceiqwR HsrpeBSTenbHoro 

aneMeHTa, ucnonb3ya cooTHOweHHe (II): 
z z 

u 110 n 

P = — ; P = = 3zz Et; 

1 R 1 37,5 

c 

Z Z 

u 110 D 

P = — ; P = — — = Z68 Bt; 
Z R Z 45 

o 

OnpeAejineM TeMnepaTypy paconeR 
noBepxHOCTM HarpeBaTenbHoro aneMeHTa, 
ncnorib3yfl cooTHOLueHMw I m IV Ana KpaftHux 
(T 1) u cpeAHefl {T2) ceKLjHfi HarpeBaTenbHoro 
sneMeHTa: 



t = t ♦ — ; 

1 o A*B*d 

322 

T = T + 

1 c 1*0,25*Z4 



= T +53 CJ 
c 



T = T + -r; 

Z c A »B •d 

268 

T = T + 

Z c 1*0,3*24 



= T +44 c; 
c 



Tbkhm o6pasoM, p33p36oT3HHbifl ru6KuPi 
HarpeBaTenbHbiR aneMeHT coctomt M3 Tpex 
ceKunK n o6ecneMHBaeT TeMnepaTypy psOonefl 
noBepxHOCTM HarpeBaTenbHoro aneMeHTa Ha 



25 



30 



Kpartnux ceKi4MJix 53 °C h Ha cpeAHetf ce^nn 

44 °C (6e3 y^eTa TeMnepaTypy oKpywsiomefl 
cpeAw) npn 06146^ moii\hoctm P = 322.2+268 = 

912 Bt. 

5 McnbiTaHMfl pa3pa6oTaHHbix th6kmx 
HarpeBaTenbHbix sneMeHTOB c Mcnonb30BaHvieM 
HOBoro TexHMMecKoro peiueHnw, 
npoMSBeAeHHoro npoMbiiuneHHbiM cnocoooM, 
noKaaano nonojKMTenbHbie pe3ynbTaTbi. 

TaKUM o6pa30M, npeAno^eHHoe HOBoe 

10 TexHUMecKoe peiueHne b yxa3aHHo^ 

COBOKynHOCTM Cyi4eCTBeHHblX npH3H3KOB 

cooTBeTCTByeT KpnTepnio "npoMbiwneHHafl 

npMMeHUMOCTb", T.e. ypoBHio M306peTeHHfl. 

<DopMyna M3o6peTeHMfl: 

15 1. Th6khK HarpeBaTenbHbix aneMeHT, 
C0Aep)KaiAki^ pesncTMBHbii^ cnoti b BMfle 
TOKonpoBOAfliue^ tk3hh nonoTHAHoro unii 
caTMHOBoro nepenneTeHun, yTOK n ocHOBa 

KOTOpO^ BbinOnHeHbl M3 KOMnneKCHblX 

aneKTponpOBOAfliAMx nonnMepHbix HMTeft, 
20 MSOnfll^MOHHblX HHTeM n MeTannM3npoBaHHbJx 
HUTef^, o6"beAHHeHHbix b aneKTpoAbi, KOTopwe 
pa3MeiA6Hbi no KpaaM pe3HCTHBHoro aneMeHTa 
no ocHOBe TOKonpoBOAflineB TKaHU h orn6aiOT 
KOMnneKCHbie aneicrponpoBOAflmwe 
nonnMepHbie hmtm, oTnunaKDiAH^cfl tom, hto 
TOKonpOBOA^LAan TKaHb coAepxMT 
M3onnpoBaHHbie pe3MCTMBHbie cnoM, 

CCjDOpMUpOBaHHWe M3 KOMnneKCHbix 

aneiaponpoBOAfliUHX nonnMepnbix hmtoK, 
pacnono)KeHHbix nepneHAMKynyipHo k KpaeBbiM 
sneiapoAaM ochobw TOKonpoBOA«U4evi tkbhh, 
pa3HeceHHbie APyr ot Apyra MaccuBOM 

H30nflL^MOHHblX HUTe^, B 3QHe KOTOpblX 

pa3MemeHbi AononHMTenbHbie aneiapoAbi, 
nepeKpeiAMBaiOLAMecfi c KpaeBbiMM 
aneiapoAaMM n pacnonoKeHHbie 

35 nepneHAMKynnpHo k hum m napannenbHo k 
KOMnneKCHbiM aneicrponpOBOAfliAUM 
nonnMepHbiM hmt«m. 

2. Th6kh^ HarpeBaTenbHbix aneMeHT no n.1, 
OTnunaioLAkiflcji TeM, hto b MaccuBe M3 
M3on«mioHHbix HMTeR napannenbHo 

40 KOMnneKCHbiM sneKTponpoBOAfliMUM 
nonkiMepHbiM hutam pa3Me^eHbi Asa 
AononHHTenbHbix aneiapoAa, a no niMpMHe 
TOKonpoBOAfltAeR tkbhm napannenbHo KpaeBbiM 
aneicrpoAaM paBHOMepHO pacnpeAeneHbi 
npoMe>KyTOHHbie aneiapoAbi, 
nepeKpeiAHBaioiAnec« c KOMnneKCHbiMM 
aneicrponpoBOAfliAHMM nonnMepHbiMM, 

M30nflL\MOHHblMH H MeTannM3MpOBaHHblMM 

hmtamu aneiapoAOB yTKa TOKonpoBOAfliAePi 

TK3HM. 

3. rn6KM& HarpeBaTenbHbiti oneMeHT, 
coAepKaLAnfl pe3MCTMBHbift cnoX b BMfle 
to ko n poBOAfl Li^eX TK3HM nonoTH^Horo v\m 
csTMHOBoro nepenneTeHUfl, yTOK n ocHOBa 
kotopoW BbinonHeHbi ms KOMnneKCHbix 
aneKTponpoBOAHiMHx nonnMepHbix HUTeW, 

55 M30nfll4MOHHblX HMTefi H MeTaJinM3MpOBaHHbJX 

HMTeX, o6-beAHH6HHbix b aneiapoAbi, KOTopwe 
p33MeiAeHbi no kpsam pe3MCTMBHoro aneMeHTS 
no ocHOBe TOKonpoBOA^iMeX tkshm h orn63K)T 
KOMnneKCHbie aneicrponpoBOAflmne 
nonnMepHbie huth, OTnunsioiAnRcfl TeM, hto 
60 KOMnneKCHbie aneicponpoBOAfliMne 

nonnMepHbte hhth pacnono)KeHbi napannenbHo 
k KpaeBbiM aneiapOAaM, 3 peskiCTMBHbie cnon, 
BbinonHeHHbie b bmao nonoc no ocHOBe 
to Kon poBOA^ Lue P\ tkshu, pssHeceHbi APyr ot 
Apyra Macon bom ms M3on^i4MOHHbix hht6^, a 

30H6 KOTOpblX p33MeU4BHbl ABa npOM6>KyT0HHblX 



45 



so 



o 
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sjieicrpofla, npnH6M ksk KpaeBbie, tsk h 
npoMe>KyTOHHbie s/ieicrpoAbi H3onnpoBaHbi ot 
nojioc M3 KOMnneKCHbix oneiaponpoBOAaiUMx 
nonnMepHbix Hwefi M30Jifli4H0HHbiMU hmtamu, a 
no yTKy TOKonposoAflinefl tk3hm 
nepneHAMKynnpHO k KOMnneKCHbiM 
3/ieKTponpOBOA^iM M M no/iUMepHbiM hhtam 



paBHOMepHo pacnpeaeneHbi AonoriHMTe/ibHbie 
aneicrpoAbi, nepeKpemnBaiomnecH c 

KOMnnBKCHblMH SJieKTponpOBOAfllUMMH 
nOflUMepHblMM, M30nni^HOHHblMkl n 

M6TaJiriM3MpOBaHHblMM HHTflMH 3JieKTpOAOB 
OCHOBbl TOKOnpOBOAALi^ePl TK3HH. 
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